Germinal matrix haemorrhage with intraventricular haemorrhage occurs in 20% of very-low-birth-weight premature infants, while intraventricular haemorrhage associated with periventricular haemorrhagic infarction occurs in less than 5% of cases [6] . An increased incidence of periventricular haemorrhagic infarction is observed in infants with birth weight less than 750 g [6] .
Post-haemorrhagic hydrocephalus, which can be communicating or non-communicating, is another complication of intraventricular haemorrhage [1, 2] . The incidence of posthaemorrhagic ventricular dilation is 36%, and this resolves in approximately 65% of cases [1] . Cerebellar abnormalities, mainly haemorrhage, infarction and underdevelopment, are being increasingly recognized and these have been associated with very low birth weight [4, 8] . Hemispheric haemorrhage, which is the most common cerebellar haemorrhagic lesion, is usually unilateral, starting in the external granular layer [8] . The less common vermian haemorrhage starts in the germinal matrix of the fourth ventricle [8] . The incidence of cerebellar haemorrhage is 17% in infants weighing less than 750 g and 2% in infants more than 750 g at birth [8] . Cerebellar infarction has been associated with supratentorial periventricular leukomalacia, and its reported incidence in an unselected population is 10-15% [9] . Underdevelopment is the most common cerebellar abnormality, for which the predisposing factors are extreme prematurity, very low birth weight, haemosiderin blood products, severe hypotension, large patent ductus arteriosus and transynaptic trophic effects [3] .
Other acquired lesions of the premature brain are punctate white matter hyperintensities, perforator stroke and infectious lesions [10] [11] [12] . Punctate white matter hyperintensities are relatively common lesions (incidence 20%), occurring in the preterm period and decreasing in number at term-equivalent age [10] . Perforator stroke occurs in the distribution of lenticulostriate arteries, and in preterm neonates it is often subclinical [12] . Viral or fungal infections can affect the brain of very-low-birth-weight infants and these can give rise to multicystic periventricular leukomalacia, multiple brain abscesses and haemorrhagic infarcts [13] [14] [15] [16] .
Early detection and follow-up of brain lesions in premature infants is important so appropriate treatment can be given and prognosis can be improved. Various imaging techniques, mainly US and MRI, have been used for this purpose [1, 2] . US was the first imaging modality to be used, in the 1980s. Even in the era of diffusion tensor imaging (DTI), functional MRI and voxel-wise analysis of MRI data [17] , US remains the first and, until the premature baby is clinically stable, the only imaging modality widely available for the evaluation of the infant brain. Is this good enough for the future of premature babies? Or do we need desperately to invest in MRcompatible incubators to image these fragile infants safely? Is the practice of US appropriate, adequate and safe in this situation? To evaluate the rationale for routine cerebral US in premature infants we should be able to answer the following three questions: (1) Why do we perform US?, (2) How do we perform US? and (3) When do we perform US?
Why do we perform US?
Cerebral US is a non-invasive, radiation-free imaging technique that can be performed without sedation at the bedside of intubated, ventilated infants who would be difficult to examine using MRI outside an MR-compatible incubator [1] . But is US accurate enough when compared with the gold standard for brain imaging, which is MRI? Close correlation between brain US and MRI findings has been reported, provided that meticulous US technique is applied [18] .
How do we perform US?
The brain US examination consists of grey-scale imaging of the brain parenchyma and colour/pulsed Doppler of the vessels [1] . Sectorial with small footprint (5-to 8-MHz) and linear-array (5-to 12-MHz) transducers should be used. The main acoustic window is the anterior fontanelle but the mastoid and posterior fontanelles are also used in most cases. We propose systematic application of a standard protocol. The grey-scale imaging begins with the sectorial transducer, using the acoustic window of the anterior fontanelle, and comprises a series of five to seven coronal scans and five sagittal scans [19] (Tables 1 and 2 ). A midline sagittal and a coronal scan performed with the linear-array transducer are also useful. With this series of slices the ventricles (shape, size and content), the white matter (periventricular and subcortical), the thalami and basal ganglia, the grey matter and the pericerebral spaces can be assessed accurately.
The mastoid fontanelle, the "star fontanelle" or asterion (the Greek word for star), should always be used for detailed evaluation of the posterior fossa. At least two slices should be performed, depicting the cerebral peduncles, the vermis, the cerebellar hemispheres, the fourth ventricle, the quadrigeminal plate and the cisterna magna [20] . The posterior fontanelle may be used to better visualize the occipital lobes and occipital horns and to distinguish between a prominent choroid plexus and a small intraventricular haemorrhage [1] . Pulsed Doppler provides evaluation of spectra of the anterior and middle cerebral arteries. Depending on the possible pathological findings detected on grey-scale imaging (e.g., hydrocephalus), compression at the anterior fontanelle may be applied. On colour Doppler, evaluation for alternating coloured echoes into the aqueduct of Sylvius is useful to distinguish between a large subependymal haemorrhage and an intraventricular haemorrhage. Evaluation for the presence of flow in the terminal veins is performed in very-low-birthweight premature babies with intraventricular haemorrhage because absence of flow is highly indicative of a pending venous infarct [1] .
When do we perform US?
Grey-scale imaging with colour Doppler should be performed in all neonates born at less than 32 weeks of gestation, initially within 72 h of birth, then at least weekly until discharge from the hospital, and again at about term-equivalent age [11] . Studies using this protocol [21, 22] have demonstrated a higher sensitivity in predicting outcomes than those applying brain US on a less frequent basis [23, 24] . Serial US will not miss: (1) periventricular cysts of focal periventricular leukomalacia (PVL), which appear after the first postnatal week, progressively coalesce and then disappear at about term-equivalent age by forming the wall of the lateral ventricles [4, 11] ; (2) periventricular clastic lesions secondary to sepsis, necrotizing enterocolitis and viral and fungal infections developing any time in the neonatal period [11, [14] [15] [16] 25] ; (3) post-haemorrhagic ventricular dilatation that may develop any time after intraventricular hemorrhage [26] , and (4) perforator stroke occurring any time after the first week and sometimes affecting the posterior limb of the internal capsule [12] .
A useful check-list for the first US
One should look for:
(1) lesions of antenatal origin (e.g., congenital malformations and clastic lesions). (2) germinal matrix or intraventricular haemorrhage; 70-90% of haemorrhages appear in the first 72 h after birth, with the incidence increasing with decreasing gestational age and birth weight, and early haemorrhage carries a higher risk of worsening [1, 27] . (3) an abnormal arterial Doppler spectrum (fluctuating pattern, extremely high velocities or very low velocities) that can be considered predictive of the development of intraventricular haemorrhage [28] . (4) a strongly hyperechogenic focal lesion that suggests intraparenchymal haemorrhage. (5) an abnormal parenchymal echogenicity around the lateral ventricles, appearing as hyperechogenicity with spiculated or sharp margins, or as punctate or focal nodular lesions. These abnormal patterns, which suggest pending focal periventricular leukomalacia, should be differentiated from the periventricular echogenic stripes parallel to the ventricular wall seen in extremely premature infants and from transient increased periventricular hyperechogenicity that may be observed during the first days of life [1] . (6) a cerebellar lesion-infarct, haemorrhage or underdevelopment [8] . All these anomalies should be described meticulously and located accurately.
When the first US shows abnormalities, how do we proceed?
(1) If the only lesion is a hyperechogenic germinal matrix haemorrhage developing into a cyst, this can be expected to disappear within 10 days to 3 months, and no follow-up is necessary beyond the 1st month of life [1] . (2) If the lesion is a small intraventricular haemorrhage, the hyperechogenic clot can be expected to disappear within 6 weeks [1] . (3) If the lesion is a large intraventricular haemorrhage, this carries a high risk of development of post-haemorrhagic ventricular dilatation and requires US follow-up every 3-7 days. If the lesion is a periventricular haemorrhagic infarction, repeated US will monitor the development of cysts. Periventricular venous haemorrhagic infarctions extending into the para-atrial area carry a high risk of development of hemiplegic cerebral palsy [29] . Posthaemorrhagic hydrocephalus can develop into a communicating form that carries a better prognosis and should be differentiated from the non-communicating form of hydrocephalus with marked enlargement of the 4th ventricle, which necessitates invasive treatment. Pulsed Doppler with and without manual compression of the anterior fontanelle is useful for evaluation of progression of the hydrocephalus or assessment of the efficacy of lumbar or ventricular puncture or shunting [1] . The Delta RI index, derived as: fontanelle compression (RI-baseline RI)/baseline RI is useful for identifying subjects requiring shunt placement (i.e., with Delta RI >45%) [1] . (4) If the initial lesion consists of abnormal echogenicity around the occipital horns of the lateral ventricles, the weekly US follow-up should depict either cystic periventricular leukomalacia or a normal appearance [2] . (5) Brain US performed at term-equivalence is useful to detect ventricular enlargement, a hypoplastic corpus callosum and enlarged pericerebral spaces.
When do we proceed to MRI?
A baseline MRI should be performed at about term-equivalent age in premature infants with US findings of focal periventricular leukomalacia, periventricular haemorrhagic infarction, persistent post-haemorrhagic hydrocephalus, perforator stroke and infectious lesions.
But what is the added value of MRI at this stage?
Does MRI information affect the clinical management and thus the long-term prognosis of the individual patient or does it just provide data for studies that may offer a better understanding of diseases and probably affect clinical practices in the future? The answer is both. Protocols for brain MRI include, among others, a 3-D T1-weighted sequence and diffusion tensor imaging (DTI) [30] . For the individual patient T1-weighted images offer invaluable information about the myelination status of the internal capsule: A normal appearance at about term-equivalent age is a symmetrical high signal intensity of the posterior limb of the internal capsule. Lack of high signal intensity, asymmetry and even small lesions have been associated with abnormal motor outcomes, ranging from motor asymmetry to cerebral palsy [11, 31] . DTI offers additional information on white matter maturation and integrity [31] . Finally, by using standard protocols and image parameters, data from 3-D T1-weighted sequences and DTI can be analysed with voxel-wise techniques to extract useful information from a large series of patients [17] . This information might offer deeper pathophysiological insight that is likely to dictate better clinical practice in the future.
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